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ABSTRACT 
The Food Habits of Four Kelp-Bed Rockfishes 
(Scorpaenidaes Sebastes) off Sa~ta Barbara, California 
./ by 
Ralph John Larson 
The diets of four common rockfishes from the kelp 
beds near Santa Barbara, Ca~ifornia, were determined by 
gut con~ents analysis, and related ~o feeding strategies. 
The guts of one hundred specimens of each species.were 
examined, and the importance of prey evaluated by their 
frequency of occurrence, numbers, and volumes. The vol-
umes of stomach contents were standardized for the size 
of specimen. Estimates of overlap in diet between the 
species we~e made. Sebastes atrovirens fed primarily on 
small animals from the kelp canopy, and may have employed 
a browsing rather than pursuing strategy of feeding. It 
showed low overlap in diet with the three bottom-dwelling 
species, S. carnatus, S. chrysomelas, and S. vexillaris, 
all of which preferred larger types of prey and seemed 
more like pursuers. The closely·related S. carnatus and 
S. chrysomela~ were quite similar in diet, eating primar-
ily medium sized demersal invertebrates, especially crabs 
and shrimp. S. vexillaris ate fewer crabs and shrimp but 
more large-sized fish and octopus than the latter two 
species. Its more active life styl~ indicates that it 
v 
. may· .react to prey at greater distances and have a larger 
home range than these species, as has been predi.cted 
for pursuers feeding on larger (and rarer) prey. 
vi 
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INTRODUCTION 
Several species of rockfish (genus Sebastes) are 
found in the kelp beds off Santa Barbara and nearby 
1 
Santa Cruz Island. Of the spiny-hea~ed rockfish, th~ 
four most common ·species are the kelp rockfish, S. atro-
virens, the black and yellow rockfish, S. chrysomelas, 
the gopher rockfish, S. carnatus, ~nd the whitebelly 
rockfish, S. vexillaris. These species are quite similar 
in general morphology. The sibling pair S. carnatus and 
S. chrysomelas are particularly alike, differing mainly 
in coloration (Phillips, 1957). S. carnatus, S. chry-
somelas, and s. vexillaris a~l live on the bottom in 
rocky areas~ while S. atrovirens ranges from the bottom 
to the kelp canopy (Quast, 1968a,c; Limbaugh, 195S; 
Tu~ner~ et al, 1969). 
The purpose of this study was to compare the diets 
of these species by analyzing t.he gut contents of speci-
mens from the field. Studies of the accessible shallow 
water rockfishes may provide examples of some of the ways 
in which the speciose rockfishe~ are differentiated 
ecologically. In addition, knowledge of the foods of 
these common species v1ill add to knowledge ·of the divi..:. 
sian of food resources within the kelp bed fish community 
in general (Ebeling, et al, 1971). 
Two basic questions are of.interest relative to the 
ecology of the kelp beds. 'The first is how much S. atro-
virens uses the kelp canopy as a source of food as well 
as habitat. Th~ second is what foods, among those avail-
able on the bottom, are used by the three· bottom dwellers, 
S. carnatus, S. chrysomelas; and S. vexillaris, and if 
there is some division of resources between them. 
Of greater interest to the question of rockfish 
biology is b6w the species eat the things they do~ A 
species• diet is interrelated with its behavior and mor-
phology; and these interrelationships have been formu-
lated in terms of feeding strategies (see Schoener's, 
1971, review). This gut contents analysis, along with 
observations of morphology, behavior, and distribution 
will be used to generate hypo~heses about the feeding 
strategies of these species. Also of specific interest 
in this study is whether the two closely related species, 
S. carnatus and S. chrysomelas, differ in diet. 
Quast (1968c) and Limbaugh (1955) have examined the 
gut contents of some of these species.. Limbaugh, however, 
gave no information on the numbers of specimens examined 
or on how the importance of various prey was determined, 
and Quast· analyzed only the frequency of occurrence of 
prey. Both Quast and Limbaugh investigated s.·atrovirens. 
· ..... :-. 
I':· 
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Limbaugh examined S. carnatus, but·not S •. chrysomelas, 
and Quast grouped the two species together. The food 
habits of S. vexillaris have not been investiga~ed. 
By investigating a~l four species to~ether in this study, 
detailed comparisons between the species could be made •. 
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MATERIALS AND METHODS 
·collection 
The gut contents of one hundred specimens of each 
~pecies were examined. Specimens were taken by spear in 
3~ collections made during SCUBA dives, between November, 
1969, and·April, 1972. These collections were made in 
several rocky-bottom kelp beds near Santa Barbara and 
off Santa Cruz Island, at all times of year·. The collec-
tion data are summarized in Appendix A. Collections ·Were 
also made at·several times of day, but this was not 
thought to be important to the condition of gut .contents. 
Kariya (1969) found that a -Japanese species of-rockfish 
takes seventy hours-to pass.a full meal of anchovy meat 
from its· stomach. Laboratory observations in this study 
also indicated that it may be a matter of days rather 
than hours for most foods to be passed from the stomach. 
As fish were encountered during the course of a dive, 
they were speared and placed imme.diately in a collecting 
bag. Sampling was limited to post-juvenile fish (larger 
than 100-110 ·mm standard length). Within the size ran-
ges sampled, there was probably some bias towards larger 
fish, because they are more easily seen and speared. 
This bias was probably about the same for each species 
so, relative to one another, the samples for each species 
5 
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were approximately r~presentative. As soon as possible 
after collection, specimens' abdomens were incised, and.: 
the specimens were fixed in 10% formalin. Later, the 
specimens were stored in 45\ isopropanol. 
In the beginning of the study, it was noted that the 
specimens occasionally regurgitated when they were placed 
in the preservative. Loss of regurgitated material from 
the mouths of_specimens was limited later in the study 
by fastening ·their mouths shut with paper clips hooke.d 
through the lips·:-··--· 
Examination of Specimens 
Standard length, upper jaw length, sex, and st~te of 
-gonads were noted for each specimen. The length of the 
longest gill raker on the first gill arch was measured in 
some specimens. 
The total volume of the stomach contents, plus any 
regurgitated materials found in the mouth, were measured 
by water displacement. The contents were then identified 
. . 
and sorted into the prey categories listed in Appendix B. 
Partially digested fish were id~ntified when possible 
· .... 
using Clothier's (1950) key. The numbers of individuals 
in each prey category were counted, and the ratio of the 
volume of each type of ·food to the total volume of sto-
mach contents was estimated by eye. The contents of the 
. '~ . .. 
··~ .. : .. ·: . ' 6 .. ·~·t .. ~:,\': .~··r, ,!.•. 
~._.··:' .. :._intes.tines were then examined and identified to general 
,. 
~:'it~~~. ·f.-:-::·;:-.~--prey· types • 
Measurement·of Food Importance 
The methods of determining the ·importance_of·foods 
in gut contents analysis have been reviewed by Hynes 
(1950), Piliay (1952), and Pinkas (1971). The three .most 
conunon p'irect methods are frequency of occurrence, ·num-
bers, and volumes ~f food types. These methods were 
used in this study. 
For frequency of occurrence, the number of specimens 
in each species containing each of nine broad categorie~ 
of food (Appendix E), were counted. This cpunt was done 
first for the contents of the stomach alone and then for 
the combined contents of stomachs·and intestines. Broad 
categories· of food were used because the well digested 
contents of the intestines were difficult to identify. 
Some rare and unimportant types of prey were not included. 
~or the a~alysis by numbers, the number of whole in-
dividuals or individuals clearly identifiable from parts 
in each of thirty categories of food (Appendix D) were. 
tallied for each species. Some rare and unimportant 
types of prey were again not included. 
In the volume·tric ana+ysis, the volumes as measured 
were standardized for the size of specimen. Starrett 
'· 
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(1950) estimated the volume of food items as a percentage 
of the volume. of .the digestive tract. In this study, 
estimated maximu~ stomach volume was used as the basis of 
standardization. The determinat~on 9f maximum stomach . 
·volume is described later. 
Standardized volumes of food items were calculated 
for each specimen by determining what volume each type of 
food would have had in a 190 mm fish, if the 190 mm fish 
had eaten the same amount of food as the specimen, rela-
tive to their.expected maximum stomach volumes. This 
was calculated as 
v .. l.J 
V •• is the standardized volume of food type i in specimen 
~J 
j. p. is the estimated proportion of the total stomach ]. 
contents v~lume, Tj' comprised of food type i. M· is J 
the expected maximum· stomach volume of the specimen, and 
M the expected maximum stomach volume of the standard 
s 
(190 mm) sized fish. 
Standardized volumes were calculated for each cate-
gory of food listed in Appendix B, and summed over each 
species. The values in various food categories were then 
grouped into twenty-three categories (Appendix C). 
Small crustaceans, divided among various taxa in the num-
erical analysis because of their large numbers, were 
., 
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grouped together in the volumetric analysis because of 
t.heir small volumes. Certain categories of unidentified 
foods were apportioned to the groups from which they . 
might have come, by the relative volumes of these groups. 
To determine maximum stomach volume, chopped an-
chovies wer.e fed to fourteen specimens of S. carnatus, 
four of S. chrysomelas, and one of S. vexillaris, ran-
ging in standard length from 93 mm to 195 mm. Specimens 
were captured by hook.and line. S. strovirens were not 
used because they were difficult to catch. Spe~imens 
were kept in aquaria·and fed regularly for two weeks, 
including one meal of as much. as they would eat, prepa-
tory to the actual experiment. For the· experiment, 
specimens were fed chopped anchovy periodically for four 
· or-five hours, until they would eat no more. Th~ir 
mouths were checked for unswallowed food and sewn shut, 
and then they were fixed in 10% formalin and stored in 
45% isopropanol. Later, specimens were measured for 
standard length, and the volumes of stomach contents plus 
regurgitated material in the mouth were measured by 
water displacement. 
The cube roots of the volumes which formed the upper 
envelope of values were then regressed on standard length. 
This regression was used to estimate the maximum stomach 
9 
volumes (Mj's and M8 ) of specimens, given.their standard 
lengths. 
The validity of these determinations rests on two 
, . 
assumptions. The first is that maximum stomach volume 
is approximately proportional to the cube of standard 
length, ~nd the second is that specimens of the s~~ size 
in ~he~different species have the same maximum stomach 
volume. Abdominal length and width approximately limit 
the.maximum length and diamet~r of the stomach, whic~ 
is shaped like -.a··ciylinder ·or a prolate ·.spheroid. If 
these dimensions are each approximately the same proper~ 
tion of standard length over the ranges of sizes of 
-
specimens and between the species, both. of these assump-
tions will be true. 
To test these assumptions, abdominal length, from 
the peracardium to the anus, body width at.mid-abdomen 
(as an approximation to width of the abdominal cavity), 
and standard length were measured on sixty specimens each 
of S. atrovirens, S. vexillaris, and a mixture of S. 
chrysomelas and S. carnatus. The regressions of abdominal 
length and body width on standard length for each species 
·were compared to see if these dimensions were about the 
same for all the species. The power equation, Y=aXb, 
was used to test for allometric growth in these dimen-
' .· ., 
10 
•'. ; 
the procedur~s used by Chen (1971). 
·· . _---:~;:-"itegressi~n (1n Y) = (ln a)+b(ln X), where X is s·td. L. 
· .':-~nd ·y_ is body dimensioJ?., wa_~ obtained for each set of 
measurements, and the slope, b, was-tested for signifi-
cant difference from unity. A slope significantly 
greater than one indicates significant positive allometry_, 
but the magnitude-of the difference from one would deter-
mine how far maximum stomach volume might deviate from 
.a cubic relationship with standard length. 
Overlap. 
Estimates of the degree of overlap in diet between 
each of the species studied were m~de in.terms of-the 
numbers of prey in the various food categories. rhe 
basis for these calculations was the index of ov.erlap of 
Morisita (1959) modified by Horn (1966), 
where, in this 
species X, Y. 
~ 
the number of 
A 
Cl = 
N N 
I x~ + I:·yf 
i=l 1 i=l 
study, X. was the number of prey i in ~ 
the number of prey i in species Y, and N 
prey types. This index varies from zero, 
when no prey types are shared, to one, when the species 
eat the same numbers of each of the prey types. To ob-
- ' 
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.tain better definition between the other species in ·their 
·degrees of overlap with S. atrovirens, the overlaps for 
S. atrovirens were also calculated ·;n terms of the pro-
portions of numbers (the number of prey in each· category 
divided by the total number of all types of prey eaten 
by the species). Twenty-seven categories of food were 
used, three categories of unidentified foods (Appendix.D) 
b~i~g apportioned ~s i~ the volumetric ~nalysis. 
The basic estimates of overlap were calculated in 
terms of the tot~l numbers of prey in each category, 
rather than the proportions of numbers, bec~use differ-
ences in the total numbers of prey eaten by each species 
were thought to be a result·of the types of food eaten, 
chance being a smaller factor. The same number of speci-
mens were examined for each species, and each speci-es was 
sampled over a heterogeneity of situations, so it was 
assumed that each species ·had about the same opportunity 
to eat a given type of prey as any other species. 
. . 
RESULTS 
The measurements of abdo~en length and body width 
(Figure 1) indicated that the specie.s studied differed 
very 1ittle in these dimensions, justifying the use of 
12 
one determination of maximum stomach volume. The tests 
for a11ometric growth of these.dimensions (Table 1) 
indicated that alt~ough sig~ificant positive allometry 
was found· for body widt~ in all the species and for ab-
domen 1~ngth in.all:except S. carnatus and S. chrysomelas, 
the degree.of allometric increase w~s not very large. 
The allometric increase in .body width may in fact be a 
-
function of increasing thickness of the body wall as well 
as increasing width of the abdominal cavity. For the 
sake of simplicity, then, the cubic relationship between 
standard length and maximum stomach volume was used. 
Ten values were chosen as the highest volumes rela-
tive to standard length from among the volumes obtained 
in the maximum fullness experiment (Figure 2A). The cube 
roots of these volumes and the regression of these 
values on standard length are shown in Figure 2B. It 
can be seen that these points fit the cubic relationship 
well. This regression was used on the basis of stan-
dardization of volumes for the size of specimen. 
-~"'~~ ... 7'.;~...-,r~~,.,~..,..,...,..~ ... l"!"'',!"~··-.. ·!'!l'lf,l'ii'!'""!~.-..a,.~~~l.M',f·:t."'f"''!C_t~i~-::-r. -.,..,.,...,._ ~~-~ .. ~~J·.- .. , .... -,~;.:~t"'::·~~--;~~_...... ..... ~~-~·--..-.:-·-_-....,..._ _______ ~··-~--
~·.-. -
. :, ' 
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Contents 
The results of th~ gut contents analysis are listed, 
for ease of comparison, in Figure 3 ·and Tables 2 and a; 
which show the frequency of occurrence, numbers, and 
volumes of the prey types for each species. .A summary 
of the foqds eaten by each species follows. 
The most common and numerous types of food eaten by 
S. atrovirens were small shrimp, peraca~ids (mysids, am-
phipods, and isopods) ~ and other small and larval · cru·s-
taceans. Small polychaetes and larval and young post-. 
larval fish (Porichthys) were fou-nd occasionally, usually 
with the small crustaceans. The above types of food, in 
various mixtures, const_i tuted the most common assemblage 
of food in S. atrovirens. Representatives of at least 
one of thes~-~oups were found in 94 of the 100 S. atro-
virens guts examined. 
Most of these prey probably came from the midwater 
or ke~p canopy regions. The isopod Idothea r~secata is an 
inhabitant of the kelp canopy. Clarke (1960) reported 
finding the canopy mysid Siriella pacifica and the mid-
water mysid Acanthomysis macropsis in the guts of S. atro-
virens. A few mysids in this study were identifi~d to 
species, and most of ~hese were Acanthomysis macropsis. 
The small polychaetes found in S. atrovirens guts resembled 
Table 1 
Tests for allometric growth 
of abdomen length and body width 
1'1-
·· , The power equation, Y=axb, was used to test for allo-
metric growth (following the procedures used by Chen, 
1971, pp sa,.-68). The regression {in Y)=(ln a)+b(ln X), 
where X is standard length and Y is body dimension, was 
obtained for each set of measurements. The slope, b, 
was then tested for significant difference from unity. 
A slope greater than one indicates positive allometry. 
The slope and P value for test of significance of 
difference from unity are shown. 
Abdomen Length Body Width 
Species- b p b p 
s. atrovirens 1.11 <.01 1~10 <.01 
s. carnatus-
s. chrysomelas 1.05 .4>P>.2 i.l7 <.01 
s~ vexi1laries i. 09 . <.01 1.15 <.01 
15 
Figure 1. Least square regressions of abdomen length 
and body width on standard length for sixty specimens 
each of S. atrovirens (A), S. vexillaris (V), and a·mix-
ture of S. carnatus and S. chrysomelas _(C-C). 
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Figure 2. Determination of maximUm stomach volume 
A. Stomach contents volumes of fourteen specimens fed 
as much chopped anchovy as th~y would eat, plotted 
against standard length of specimen. Closed circles in-
dipat~ those values chosen as the upper envelqpe of 
volumes relative to standard length. 
B. Cube roots of upper envelope volumes plotted against 
standard length of specimen, and the regression of these 
values on standard length. This regression was used to 
estimate the maximum stomach volume·s of specimens. 
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Figure 3. Freq~ency of .occurrence of prey. 
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Table 2 
Number of Individual Prey in 
Food Categories for Each Species 
Type of Food S.a. S.ca. S.c_h. 
Unid. crabs. 4 5 13 
Unid. Cancroid crabs ·0 7 16 
Cancer 9 . 41 72 
Lophopanopeus 0 20 20 
Paraxanthias 0 5. 6· 
Unid. sp. cra_Qs 0 . 2_1 11 
Loxorhynchus 1 26 45 
Pug_ettia 1 9 11 
Other crabs 0 2 5 
Porcelain crabs ·0 14 14 
TOTAL CRAB.S 15 1~0 213_ 
Unid. shrimp 272 38 24 
· Hi pp_o lyte 98 0 0 
Spirontocaris, etc. _45 24 26 
Crago 18 0 0 
Pandalus. 0 0 0 
Baetaeus 0 4 6 
Al phaeus 3 31 30 
Small Isopods 141 3 3 
!do thea 23 0 0 
Caprellids 100 0 1 
Gammarids 545 12 16 
Mysids 996 0 0 
Other small crust. 140 1 ·0 
Octopus-squid 5 5 .l 
Baby Porichthys 10 1 0 
Fish 10 14 9 
SmalJ ~~lychaetes 46 0 0 
Large pol~chaetes 6 3 12 
Ophiuroids 0 8 1 
Jell_yfi sh 8 0 0 
TOTAL 2481 294 342 
21 . 
S.v. 
. 1 
5 
33 
3 
0 
0 
.Q 
3 
1 
2 
48 
19 
0 
5 
3 
3 
0 
6 
0 
l 
0 
24 
0 
0 
10 
1 
28 
0 
2 
0 
1 
152 
Table 3 
Standardized Volumes of Food Types (ml) 
(Unidentified Categories Apportioned) 
Type of Food S.a. S.ca. S.ch. 
Cancer 3.46 43.62 -- 90.45 
Lo2ho2anoEeus 0.0 12.0 14.28 
Paraxanthias 0.0 6.55 14.00 
Loxorhlnchus 0.09 21.05 32.10 
Pugettia 0.47 7.07 7.63 
Other crabs 0.0 4.27° 7.57 
Porcelain crabs 0.0 15.53 15.94 
TOTAL CRABS 4.02 1}0_.09_ l81.9l_ 
Unid. sh_rimp 3.98 3.29 3.64 
H1~2ol~te 1.75 0.0 0.0 
Hi2~ol~smata 0.0 0.0 2.03 ° 
S~irontocaris 2.43 6.1 12.46 
Crago 1.48 0.0 0.0 
Pandalus o .. o 0.0 0.0 
Baetaeus_ 0.0 l • 18 0 2.12 
AlEheus 0.70 37.74 25.79 
Sma 11, non-dec. 23.36 1 • 71 I • tl!l 
crustaceans 
Octopus-squid 5.32 10.07 1.40 
Fish 30.57 32.76 34.50 
Jellyfish 5.60 0.0 o.o 
0 Small polychaetes 2.70 0.0 0.0 
large polychaetes 0.26 3.81 2.88 
O~!_hiur.o ids 0.0 3.16 0.27 
Misc. bottom 0.21 7.73 l • 11 
creatures 
TOTAL 82.37 216.84 269.79 
22 
os.v. 
34.46 
1.39 
0.0 
0.0 
2.30 
0.06 
3.29 
41.50 
3.85 
0.0 
0.0 
6.01 
0.93 
4.45 
0.0 
9.70 
l.l5 
49.72 
56.24 
0.53 
0.0 ° 
3.11 
0.0 
0.67 
178.85 
0·-
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the scale worms taken by dip net in the ·kelp canopy, and 
the nereid-type worms seen in the kelp canopy at night. 
Quast (1968b) reported that the small nereid worms in 
Paralabrax clathratus guts resembled-types he also found 
in the kelp canopy. Hi"ppolyte were found in the dip net 
collections made in the kelp canopy, along with gammarid 
and caprellid amphipods., and small isopods resembling 
those in S. atrovirens guts. 
Fish were not very common in S. atrovirens guts; 
but contributed a great deal in volume. Identifiable 
fish were a Syngnathus californiensis~ an Engraulis 
mordax, a Cymatogaster gracilis, a Sebastes mystinus, 
and an Oxylebius pictus. Bottom dwellers such as crabs, 
pistol shrimp, and octopus were found, but were relatively 
unimportant.· Some S. atrovirens which had eaten these · 
bottom dwellers were collected.from the kelp canopy, and 
many which had eaten canopy animals were collected on the 
bottom. Some of the specimens· had both types of food. 
This indicates that S. atrovirens moved about between 
the bottom and the canopy. 
Crabs were the most important food, by all measures, 
"in S. carnatus. Pistol shrimp and other shrimp (mainly 
Spirontocaris) were important, the other shrimp contri-
buting relatively.little in volume, however. These prey 
' . 
residents of rocky reefs. Fish, including three 
~~~~~t?.f.~.,z·,~~···~· ·Engraulis mordax, an unidentified ~ockfish~ and several 
sma11'Sebastes mystinus, were volumetrically important 
1;>ut not common. Octopus were found~ocqasionally, as was 
-
one squid, the only one found in the study. Other bottom 
dwellers,.such as ophiuroids and large polychaetes, were 
also found. 
The diet of S. chrysomelas ~1osely resembled that 
of S. carnatus. The main types of. food were crabs, pistol 
shrimp, fish, and othe~ shrimp. ·A Sebastes serranoides, 
• 
a Chromis punctipinnis, an Ulvicola sanctae-rosae, a 
Lythripnis dalli, and an_unidentified cottid were among 
the fish found. S.".chrysomelas ate more crabs and poly-
chaetes 'than S. carnatus, but fewer fish, octopus, and 
ophiuroids. Both S. carnatus and S. chrysomelas ate a 
greater diversity of bottom-dwelling invertebrates than 
the other rockfishes studied. 
Fish and octopus were the most important types of 
food, volumetrically, in S. vexillaris, which ate more of 
these prey_ than any of the other species studied. Fish 
prey included a Paraclinus integripinnis, Pleuronichthys 
coenosus, an Engraulis mordax, an unidentified Clinocot-
tus, two unidentified rockfish, and two fish identifiable 
as small, bottom-type fishes. Crabs, pistol shrimp, and· 
Spirontocaris were eaten, but were less ~mportant than 
in s. chrysomelas' and s. carnatus. 
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Small, non-decapod crustaceans, particularly gammarid 
amphipods, occurred relatively frequently in S. ·carnatus, 
s. chrysomelas, and S. vexillari.s. These prey never 
occurred,-however, in the ntimbers or volilmes found inS. 
atrovirens, and thus were not -considered to be important 
parts of their diet .• • 
The number of empty stomachs and· the total amounts 
of food found in each species indicate.several other simi-
larities and differences among the four spec~es. These 
data are summarized in Table 4 and are described below. 
·s. vexillaris had more empty stomachs than the other 
species. There was a significant difference among all 
four species in the frequency of empty stomachs (Chi 
· square test for homogeneity: X2=15.39, P<.OO~, but not 
among S. carnatus, S. chrysomelas, and S. atrovirens 
CX2 =3~26, .10<P<.25). S. vexillaris, however had about 
the same average non-empty stomach volume as S. carnatus 
and S. chrysomelas. These three species also formed a 
rather loose cluster relative to total volume of stomach 
contents. S. atrovirens had low stomach volumes, w.i th 
high numbers of very small prey. S. vexillaris ate more 
fish and octopus and fewer crabs than S. carnatus and 
Table 4 
Summary of Total Volumes and 
Numbers of Prey Eaten by each 
Species. N=lno for each species. 
. S.a. S.ca. 
Number of empty stomachs ' 23 18 
Total standardized volume (ml) . 82.37 216.84 
Mean volume of non-empty l .07 2.64 
stomachs 
Total number of prey 2481 294 
Mean number of prey per 32.2 3.59 
non-empty stomach 
Mean volume of individual 0 .• 03 0.74 
prey {ml) · 
Table 5 
Average standardized volume {ml) of 
crabs. fish and octopus, regardless 
of state of digestion 
Prey S.a. S.ca. S.ch. s.v. 
.Crabs • 27 .73 . .85 .87 
Octopus 1_.06 2.01 1.40 4.97 
Fish 3.06 2.34 3.83 2.01 
· S. ch. 
13 
269.79 
3.10 
342 . 
3.93 
0.79. 
Total 
• 79 
3.17 
2.52 
26 
S.v 
35 
178.85 
2.75 
1_52 
2.34 
1.18 
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·s. chrysomelas. Fish and octopus tended to be larger 
than crabs (Table 5), and thus S. vexillaris ate smaller 
numbers of large prey than these species. 
Table 6 shows the results of the overlap calcula-. 
tions. S. carnatus and S. chrysomelas showed a high 
degree of. overlap in diet. ·s. atrovirens had low over-
laps with ·each species, lowest with S. chrysomelas -
S. carnatus and highest with S. vexillaris. S. v·exillaris 
showed moderate overlap with S. carriatus and S. chryso-· 
melas. 
Feeding Morphology 
The measurements of jaw length for each species were 
regressed on standard length (Figure ~). The jaw lengths 
of S. carnatus and S. chrysomelas were virtually indis-
tinguishable, with S. vexillaris quite close. S. atro-
virens had slightly smaller jaws than the others. 
The.length of the longest gill raker on the first 
gill arch and standard length were measured in ten S. 
atrovirens, twelve S. vexillaris,' and fifteen S. carnatus 
and s. chrysomelas. These measurements are plotted i~ 
·. 
Figure S. S. atrovirens.had longer gill rakers than the 
others. S. carnatus and S. chrysomelas had the shortest 
gill rakers, with S. vexillaris intermediate. Phillips 
(1957) found that S. atrovirens had 31 to 33 gill rakers 
28 
on the first arch, and that the·others each had 27 to 
30, indicating that its gill rakers are also relatively 
closely spaced. 
29 
Table 6 
Estimates of the overlap in diet between the species. Calculation 
explained in the text. A value of one indi~ates complete overlap, 
and zero indicates no overlap at all. 
S.a. S.ca. 
--
S.a. 
-
.lb 
S.ca. .03 
-
--
S.ch. .03 .90 
--
S.v. • 03 .63 
-
Based on Raw Numbers 
.· 
S.ch. S.v. 
• 12 .2.1 
- -
- -
.55 
-
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30 
Figure ~. Regressions of upper jaw length on standard 
length. N=99 for S. atrovirens (A), 104 for S. carnatus 
(CA), 101 for S. chrysomelas (CH), and 102 for S. vex-
vllaris (V). 
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Figure 5. Length of the longest gill raker on the first 
gill arch plotted on st~hdard length for 10 S. atrovirens, 
15 S. carnatus and S. chrysomelas, and 12 S. vex~llar1s. 
~-
t 
.. 
.. 
.. 
0 
0 
0 
0 
U) 
LJJ 
«: ~-
:::l (!I 
-u.. 
0 
.... ~ .. 
: "'·. 
.... ~I. 1: 
_,. .. • r. 
........ -·.·· -::.,·· ...... • ~ •• ~ 0 _.- •• : l 
... 
. :· ... 
0. 
•. :. '~ 
, . · .. ·· 
·.)( 
JC 
)( 
JC 
..• 
0 
00 
...... ~ "; .~· ·~· .. :.~:.:":. 
-···~ . 
.. 
0 0 
. .... 
. ··. 
..... 
JC 
JC 
• 
• 
• 
: 
-
-
1( 
IC 
.c 
M 
• 
.. 
... " 
• • 
• 
.ac ... 
•• 
·0 
JC 
0 
. ' 
•" 
• 
0 
. 
::r: 
u 
f.l) 
. I . 
<1 ;;I· 5 . . . 
Cl\ U') V) 
·1 I . I 0: X .• 
• 
• 
• 
0 
· .... 
33 
0 
~..o 0 
r-\1.-
--~ 
-
:X: 
0 
l-
~ 
% 
r-1 w 
_,J 
c 
c: 
c:( 
0 
:z: 
< t-
en 
----~------------r-----------r-----------r-----------r----------,-----------~~ 
co (Y"\ rl 
(~M) H1~N31 Cf3)1\'Cl 11 I~ 
'. 
DISCUSSION 
In thi's section I will first discuss the methods of 
determining food importance used in this study, and the 
problems· associated ~ith the interpretation.of d~ta from 
a gut contents study. Then I will proceed to a discussion 
of the results obtained from these methods. Finally, I 
will dis·cuss the possible implications which can be 
-drawn from these results • 
. The s~plest method of determining food importance 
used in ·this study wa~ frequ~ncy of occurrence, which 
measures how commonly a predator ·eats a certain kind of 
prey. It lacks the information in the intensity of 
feeding found in the other methods (Pil~ay, 1952), but 
is less subject.to the variability inherent in those 
methods •. This method was also the only one which could 
be applied to intestinal contents, due to advanced di-
gestion in the intestine. 
~nalysis by numbers shows how many times a species 
chose to eat a given type of prey. This method thus mea-
sures rather directly a predator's preferences under its 
particular foraging strategy. For this reason, it was 
chosen as the. basis of the overlap calculations. It 
does not, however, necessarily show the nutritional im-
portance of a pre.y, or the amount of time spent in 
1/. 
I 
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seeking or c~pturing a prey. There is more of an element. 
of chance in analysis by numbers than in frequency ·of 
occurrence. The reliability of results obtained in a 
nwneric~l,~analysis may also be affected by differential 
digestion rates {P1llay, 1952), or by infrequent ingestion 
of large numbers of small prey (Pinkas, 1971). 
_Analysis by volumes weights the number of prey by 
tneir sizes, reflecting the nutritional importance of 
the var~ous prey. The volumes as measured were stan~ 
dardized for the size of ·specimen. This was done because 
a given volume of food will sustain a ·smaller fish 
longer than it will a larger fish, and larger fish can 
eat more than smaller fish. If the volumes were not 
standardized, la~ge meals in large fish would carry an 
inordinate amou~t of weight.· By standardizing volumes 
for the size of specimen, each specimen was given equal 
weight relative to its stomach fulness.· 
The effe·ct of any chance variation in the numbers of 
prey eaten is multiplied in analysis by volumes. In 
addition, volumetric analysis is more subject to the 
effects of differential digestion of prey than numerical 
analysis. The volumes of prey are also affected .by di-
gestion of prey while they are still_ in the stomach. 
-· .. ~ 
Thus the volumes of foods,eaten within a certain period 
'• 
" ..... p. 
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of time (the time between ingestion and passage from the 
stomach) will be weighted not only by the size of the or- . 
ganism but by its recency of ingestion. ·This adds .a 
component of variability to analysis_by·volumes which is 
not present in the other methods. Thus volumes are per-
haps not as· ex~ct as the ~th·er measures, being subject 
to more types of variation. They still, ·however, give a 
good idea of the relative sizes of.the various prey, 
which is info.rmation in itself, and through this give. 
an idea of the nutritional importance of a prey. 
The greatest effect of different.ial digestion in 
this study was probably in the very small prey. .Kar-
pevitch and Bokoff (1935) found that gammarid amphipods 
- were digested faster than fish, in two species of fish. 
Barringto~ (1957) suggested that this might be due to the 
differences in surface to volume.ratio. Kionka and Win-
dell (1972) found that small pieces of chitin (appen-
dages, etc.) passed through trout stomachs faster than 
large pieces. This effect was noted in this study also: 
crab bodies without the legs were found quite often. 
·. 
Kionka and Windell suggested that the large pieces had to 
be further ground and softened before they would fit 
through the pyloric valve. Thus srnall prey such as the 
small crustaceans and polychaetes may pass through the 
. I 
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stomach faster than larger prey such as crabs and fish. 
·This effect would be strongest in S. atrovirens, which 
ate these types of prey more exclusively than the othe~ 
~ish studied, and might explain its ~ow .stomach contents 
volumes. relative to other species. The small, soft-
bodied prey may have passed ·through the stomach quickly 
enough that they did not accumulate. This explanation 
differs from Qua~t's (1968c)~ who .suggested that S. atro-
virens was perhaps malnourished. The d:i.fference i-n food 
preference between S. atrovirens and the others relative 
to these prey was clear, even with this effect, but 
accounting for this effect would increase the-importance 
of these foods relative to the other foods found in S. 
atrovirens. This hypothesis is of course subject to fur-
ther experimental verification. 
·Even given the effects of differential digestion and 
other problems associated with each of. the methods of 
analy~is, the three m~thods present a fairly complete 
picture of the diets of the species studied. The methods 
are not independent, as seen in the relative concordance 
of the results of the methods within each species. They 
differ enough, howe~er, that they are complimentary, and 
may be used as checks on one another •. For example, 
frequency of occurrence may check whether high numbers 
\ 
t 
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or volumes of a given prey type are due to relatively· 
rare events or to regula!' ingestion of th_e prey. In 
the same way, the numbers and volumes of a prey may 
check whether a frequently occurring--prey is nutrition-
ally important to a given species. Finally, in describing 
slightly- different aspects of a species diet, each may 
be used -in slightly different ways in deducing a preda-
tor's particular feeding strategy. 
The use of these three methods yielded results 
which-indicate that there are three basic diets among the 
four rockfishes studied. S. at·rovirens used, as Quast 
(1968c) suggested, foods from the bottom ·to the kelp 
canopy. It appears from this study, however, that the . 
small animals of the midwater and kelp canopy regions are 
its most important foods. S. ~arnatus, S. chrysomelas, 
and S. vexillaris are all bottom dwelle~s, and included 
in their diets the same gener~l types of food. - These 
foods included motile fish and octopus, and medium si~ed 
demersal invertebrates such as crabs, shrimp (especially 
pistol shrimp), polychaetes, and ophiuroids. Thus, these 
three species all showed at least moderate degrees of 
overlap in diet with one another. However, there are 
definite differences in emphasis between S. vexillaris, 
on the one hand, and S. carnatus and S. chrysornelas 
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on the other. S. vexillaris showed strong pre~erence 
for·fish and octopus, whileS. carnatus and S. chryso-
melas preferred the small and slower-moving inver·te-
brates, e~pecially crabs and shrimp.- The diets of these 
latter species were quite similar, as reflected in the 
very high index of overlap between them. In general, the 
dietary arrays of these species resembled 'that determined 
by Quast (1968c) for the s~ecies combined. Thus the three 
basic diets are: small canopy animals favored by S. · 
atrovirens, crabs and shrimp favored by S. carnatus ~nd 
S. chrysomelas, and fish and octopus favored by S. vex-
illaris. 
The three types of diet indicate that these species 
may represent three types of predators, since the diffe-
rences in basic diets involved rather great differences 
in the general types of prey eaten. MacArthur and Levins 
(1964), MacArthur and Pianka {1966), and Schoener (1969a, 
b; 19~1) have discussed predator strategies. Schoener 
(1969a) admitted that the models dealt with in these dis-
cussions were ideals, and not completely realistic. 
However, .the.predic~ions, generated by these models are 
still useful, and many could be applied to the species, 
and their diets, studied here. 
S~ atrovir~ns consistently ate large numbers of 
J 
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small prey. Large prey were infrequent, although contri-
buting substantially to the total volume of prey. Small 
animals are generally more abundant than large animals, 
so it seems that S. atrovirens tended to eat prey in 
proportion to their abundances. Thus S. atrovirens' 
·foraging strategy may tend toward minimizing pursuit 
costs, taking alt prey it comes across (or which wander 
close), rather than waiting for only higher-yield types 
of. prey and stalking or chasing them. This strategy. 
somewhat resembles the ."searcher" described by MacArthur 
and Levins (1964) and Schoener (1969a, 1971). 
S. atrovirens seems to be morphologically adapted 
for taking wide ranges of prey sizes. Even though its 
mouth is slightly smaller than the other species', 
it is still rel~tively large. Thus it is able to eat 
large prey. On the other hand, it has relatively long 
and closely sp~ced gill rakers, which serve to prevent 
the ~scape of small, motile prey (Yasuda, 1960). 
The adoption of this type of strategy is probably 
quite important to S. atrovirens' ability to survive in 
the midwater and kelp canopy habitats. Medium and large 
sized prey, limited mainly to fishes, are much rar~r in 
the kelp canopy than on the bottom. Thus, unless ~· 
atrovirens was able to consistently chase and catch fish 
in the open waters of the ·kelp eanopy, a sit-and-wait 
and pursue strategy would not be very successful. By 
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browsing on the abundant and readily accessible smaller 
canopy and midwa·:ter animals and taking occasional larger 
prey~ however, it is quite successful. Its large mouth 
and body size enable it to supplement its most common diet 
with nutritionally valuable large prey when they become 
available. 
Small crustaceans are at least as abundant on the· 
bottom as they ar~ in th~ kelp canopy, but did not occur 
as frequently in the guts·of S. carnatus, S. chrysomelas, 
and S. vexillaris as in S. atrovirens, and never in such 
high numbers. There are more medium and large sized 
prey available on the bottom, and the complexity of the 
rocky bottoms make it possible.for a species to pursue 
its prey by stalking, rather than in an all-out cha$e. 
The three bottom dwellers could then afford to be more 
selective in their choices of prey, perhaps spending less 
of thei~ time.in searching and browsing and more on 
waiting for desirable types of prey, which they.then 
~talk and capture. In these respects, they resemble 
more the pursuers described by MacArthur and Levins (1964) 
and Schoener (1969a; 1971). 
Despite these similarities, however, S. vexillaris 
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differed in many ways from S. carnatus and S. chrysomelas. 
S. vexillaris specialize~ in higher yield.types of food, 
namely fish and octopus, eating fewer numbers of prey 
c3:nd having more empty stomachs. Sea·burg and Moyle (196q) 
found that the more piscivorous fishes in Minnesota lakes 
also had higher frequencies of empty .stomachs. Fish and 
octopus are less common and more motile than the demersal 
invertebrates favored· by S. carnatus a~d S. chrysomelas, 
and _there may be behavioral and morphological differences 
between these species and S. vexillaris which correlate 
with this. 
'. 
S. vexillaris is a more active fish than S. carnatus 
. or S. chrysomelas. The latter two are almost always 
found resting on the bottom, and do not often wander very 
far, either off the bottom or along it. S. vexillaris, 
however, is sometimes found hovering over the bottom, and 
· is quite prone to leave its.place in the rocks. Al-
thoug~ all rockfishes are attracted to disturbances in 
the water, such as caused by a diver, S. vexillaris will ·· 
often be the first to ar~ive, and will often come from 
longer distances than S. carnatus or S. chrysomelas. The 
more convex interorbital space and more flattened head 
spines in S. vexillaris (Phillips, 1957) serve to make 
it more streamlined than the other two species, and are 
.1' 
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related to its more active and less sedentary lifestyle. 
This life style may mean that S. vexillaris reacts to 
prey at longer distances than do s~ carnatus and S. chry-
somelas. This is consistent with Schoener's (1969a;· 
1971) prediction that. predators feeding on la~ger (and 
rarer) prey must react to their prey from greater dis-
tances and, consequently, may have larger home ranges • 
. The similarity in diet between S. carnatus and S. 
chrysomelas might have been predicted by their very close 
morphological similarity. If food were a limiting factor 
·to the populatio~s of these species, there is a possibil-
r 
ity of competition between them. Phillips (1957) and 
Limbaugh (1955) have suggested.that S. carnatus has a 
deeper bathymetric distribution·than S. chrysomelas. Ob-
servations in this study indicated that this might be 
true, but with a certain amount of overlap (see also 
Quast~ 1968c). The differences in color between these 
species may reflect a difference in bathymetric distri-
butions. S. carnatus is more reddish, like the deep-
water rockfishes, while S. chrysomelas has brighter ·a~d 
more contrasting colors which may match the brighter 
colors and sharper contrasts in brightly lit shallow 
waters. 
Possible competition for food between these species 
' t 
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may thus be minimized by differences in distribution, the 
two species with similar foraging strategies acting as 
one population relative to prey populations. Chen (1971) 
point·ed out that· other. groups of similar rockfi~hes have 
differentia1 bathymetric distributions. Experimental 
manipu1ations. of'field populations of s. carnatus and s. 
chrysamelas~ to determine limit~ng factors and interac-
tions between these populations, may clarify the inter-
actions between ~uc::.h species. 
S' .. vexillaris ha.s been assigned (Jordan and Everman:n, 
1898) to the same subgenu~ as S. chrysomelas and S •. car-
natus~ but ~he differences in diet and foraging strategy 
betweerr S. vexillaris and the others may not be strictly 
attributable to co~petitive exclusion between these 
species. S. vexillaris, like.several other sp~cies of 
. . 
rockfish (Chen~ 1971), appears to settle in shallower 
water and move ·to deeper water as adults.· The specimens 
of this species found in this study tended to be small, 
and none had ripe gonads, .even though they were taken at 
all times of the year. In Santa Barbara, at least, large 
S. vexillaris are caught mainly i:t:l deeper water. Thus 
S. vexillaris could eat different foods than S. chrysornelas 
and S. carnatus for many reasons other than avoiding com-
petition only with them. Similarly, S. atrovirens 
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belongs to a different subgenus than the others, and its 
adaptations may not be attributable strictly to avoiding 
competitio~ with the others, but.~y simply reflect its 
·p~rticular phy~ogeny. 
What the comparisons in this study do show, however, 
is that rockfishes may, with retatively"small differences 
in morphology, adopt _differences in behavior which allow 
them to feed on quite qifferent types of food. This ·: 
plasticity may be quite important in the ecological dif-
ferentiation of rockfishes in general~-
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· Appendix A 
Collection Data 
·Collection Loc in 
Number Date W. column Time· s. a. s. ca. s. ch. ·s. v. 
69- 69 Bottom 
1530 1 
69-2 11/21/69 Isla Vista ·15-20 Bottom, 1500- . 
Midwater 1530 3 3 
70-1 4/1 0/70· II 30-40 Bottom, 1400-
Midwater 1500 4 2 1 
70-2 4/24/70 II 20-25 Bottom 1300-
1330 1 
I . 
70-3 4/26/.70 ~ap1es Reef 30-35 Bottom 0830-
1000 . 2 3 1 
70-4 5/l/70 II 3.5-40 (" Bottom 0830-
1000 1 2 4 5 
70-5 5/30/70 Isla Vista 20-40 Mjdwater 0700-
to 0930 8 
Canopy 
70-6 5/30/70 JJ 30-40. Bottom 0830-
0930 4 7 3 
70-8 7/10/70 Naples Reef 30-40 Bottom 1300-
1330 
. ! 6 ~ 
U) 
Appendix A (Cont) 
Collection Loc in 
Number Date Location W. column · Time 5. a. S. ca. s. ch. s. v. 
1-1 /15/71 Bottom to .. 
Midwater 1430 2 5 3" 
71-2 1/22/71 Isla Vista 25-35 Bottom 1100-
1200 . 6 10 7 
71-3 l/22/71 II 25-35 Midwater 1200-
to canopy 1300 16 
71-4 2/10/71 II 30-35 Bottom ,. 0630-
. Midwater 0830 3 1 r 5 1 
71-5 2/18/71 Willows Anch, 15-25 Bottom 1500- . 
SCI 1600 1 1 
71-6 . 3/23/71 Isla Vista 25-35 . Bottom· 2200-r 2300 ' 10 3 
I 
71-7 4/19/71 Pelicans Anch, 20-35. Bottom to 1630-
SCI Midwater 1730 5 4 1 
71-8 4/20/71 II 20-35 II 0400-
0430 12 1 5 
71-9 4/20/71 " II II 0530-0630 7 9 1 
71-10 4/22/71 Naples reef 35-50 Bottom 2330-. I 
2430 8· 4. 5 (J'1 0 
Appendix A (Cont) 
S. a I S I ca. S. ch. s. v. 
2215 a '2 
·I 
71-12 6/6/71 IV 30-40 Bottom to 2330;. 
Midwater . 2430 2 . 2 
71-13 7/2/71 Hendry's 20-25 Bottom 121 5· 
1315 13 
71-14 7/16/71 Naples Reef 50 Bottom , 1400- 7 10 
1500 
71-15 7/26/71 l/2 mi W. of 15-30 Bottom to 2100-. I . 
Pelican Anch. Canopy 2230 4 3 1 
71-16 ~7/27/71 " 50-60 Bottom 2415.-
. 
0115 4 1 2 
71-17 8/4/71 Frys Hbr. 40-60 Bottom 0645-
SCI 0745 17 2 
7t-18 8/4/71 U· 55-75 Bottom 0830-
0930 11 
71-19 8/5/71 . 1/4.Mi W. of Bottom to 0800-
Pelicans Anch. 30-50 Canopy 0900 15 
71-20 8/6/71 II 40-55 ·Bottom 0315- , 
0515 10 '-4 2 2U'1 
~ 
~.-··:-:.~.".-,·.· 
·:.~ ·~ -~ ._, '·:-~:. '·' 
Collection 
Number 
7 -
71-22 
71-23 
71-24 
72-1 
Date 
9/16 7 
10/7/71 
11/5/71 
12/16/71 
4/4/72 
Appendix A (Cont) 
Location 
Naples Reef 
I 
Naples Reef 50-60 
II 45-55 
Isla Vista 25-45 
Isla Vista- 35-40 
Devereaux 
( 
Loc i·n 
W. column· 
Bottom 
Bottom 
' ' Bottom · 
Bottom ,· 
Bottom 
l " . ~ . 
---~...: .. ---~;:.1":"'tlf~~ 
Time S. a. S. ca. S. ch. S. v. 
400-
1500 12 
0320-
0500. 1 8 
2300-
2400 
0830-
0915 2 4 
i 
1000-. ' 
1030 
I 
3 
9 
. 10 
·5 14' 
5 8 
c.n 
N 
: 
I 
r' 
·: v 
,, . f 
·_ ~ : I 
.· 
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APPENDIX B 
Categories of Food Encountered 
Crustaceans 
1. Unidentified crustacean ~arts 
Crabs 
2. Unidentified crabs and parts 
Cancroid crabs 
-3. Un~dentified Canc~oid crabs 
4. Cancer sp. _ 
5. Lophopanopeus·sp. 
6. Paraxanthias taylori 
Common Sp~der Crabs · 
7. Unidentified spider crabs and parts 
-8. Loxorhynchus crispatus 
9. Loxorhynchus ~randis · 
10. Onidentifiedugettia_ !£and parts 
11. Pugettia richii · 
12--. PUgettia dalli 
Other crabs 
13. Mimulus foliatus-
14. Myas lyratus -
15~ eterocrypta occidentalis 
16. Hap1ogaster cav~cayoa 
17. Pilumnus spinoh~rsutus 
18. Pinnixia ~ 
Porcelain crabs· 
19. Un~dentified Pachyche1es sp. and parts 
20. Pachycheles rudis 
21. Pachycheles pubescens 
22. Petrolisthes ~· 
23. Hermit crabs 
Shrimp 
24. Unidentified shrimp and parts 
Other shrimp 
25. Hippolyte californiensis 
26. Hi~polysmata cal~forn~ca 
27. Sp1rontocaris sp. (mostly S. palpator) 
28. Crago sp. 
29. Pandalus gurneyi 
30. Baetaeus harfordi 
31. Pistol shr1mp - Alphaeus .sp. 
32. Barnacles 
Small non-decapod and larval crustaceans 
33. Unidentified sndalc 
34. Small isopods 
35. Idothea resecata 
36. Caprellids 
37. Gam.;·narids 
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Appendix B (continued) 
38. Mysids 
39~ Ostracods 
lf.O. Megalopa 
lf.l. Copepods 
Molluscs 
lf.2. 
11-3. 
l.p.~ •·. 
Snai1s 
Bival.v:es 
Chi tons-
Fish 
4-5. Squid and octopus 
lf.6. Fish larvae 
lf.7. Baby Porichthys sp. 
11-8. Grown fish 
~9. "Jellyfish"-Salps, Scyphozoans, etc. 
Polychaetes 
so.. Sma11, canopy-type polychaetes 
51. Larger, bottom-type polychaetes 
52. Bottom-type tunicates 
Slf. 
53. Ophiuroids 
SIJ. Eggs 
55. Miscellaneous material:· Unidentifiable remains ind 
non-food item,s 
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APPENDIX C 
Groupings of Categor~es for Volum·etric Analysis 
1. Cancer 
2. Lophopano~eus 
3. ParaxanthJ.as 
ll-. Loxorhynchus 
5. Pugettia 
6. Other crabs 
7. Porcelain crabs 
8. Unidentified shrimp and parts 
9. Hippolyte 
10. Hi~polysmata 
11. SpJ.rontocaris 
12. Crago 
13. Pandalus 
14. Baetaeus 
15. Alphaeus . 
16. Small non-decapod and larval crustaceans 
17. Octopus and squid 
.18. Fish: ·Larvae, baby Porichthys, grown fish 
19. Jellyfish 
20. Small canopy polychaetes 
21. Largernottom polychaetes 
55 
22. Ophiuroids 
23. Miscellaneous bottom creatures: Hermit crabs, barna-
cles, snails, bivalves, chitons, tunicates 
Eggs and miscellaneous materials were not used 
Apportionment of volumes in. 'unidentified' categories: 
Unidentified spider crabs and parts: 
· To Loxorhynchus, Pugett ia 
Unidentified Cancroid crabs and parts: 
. To Cancer, Lophopanopeus, and Paraxanthias 
Unidentified crabs and parts: 
To·cancer, Lophopanopeus, Paraxanthias, 
Loxorhynchus, 
Other crabs, and Porcelain crabs 
Unidentified crustaceans and parts: 
To all of above plus shrimp species and Small 
non-decapod and larval crustaceans 
1. 
2. 
3. 
"'· 5. 
. 6. 
7. 
a. 
9. 
10. 
. 11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
APPENDIX ·D 
Groupings of Categor1es for Numerical Analysis 
Unidentified crabs 
Unidentified Cancroid crabs 
Cancer 
Lophopano\'eus 
Paraxanth~as 
Unidentified spider crabs 
Loxorhynchus 
Pugett~a 
Other crabs 
Porcelain crabs 
Unidentified shrimp 
Hi~polyte 
Sp1rontocaris-Hippolysmata 
Crago 
Pandalus 
Baetaeus 
Alphaeus 
Small Isopods 
I do thea 
caprellids 
Gammarids 
Mysi~s--
Other small crustaceans: Ostracods,. Megalopa, and 
Copepods 
Octopus and squid 
Baby Porichthys 
Grown f1sh 
Small polychaetes 
Large polyqhaetes 
Ophiuroids 
Jellyfish 
56 
Not included because of small numbers: Hermit crabs, bar-
nacles, snails, bivalves, 'chitons, tunicates, uniden-
tified small crustaceans, and fish larvae. 
For the over-lap calculations, the unidentified crabs, 
Cancroid crabs, and spider crabs were apportioned 
as in the volumetric analysis. 
. · .. 
1. 
2. 
3. 
q •. 
s. 
6. 
7. 
8. 
9 • 
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APPENDIX E 
Categories used 1n Frequency of Occurrence 
Crabs 
Other shrimp 
Small, non-decapod and larval crustaceans 
A1phaeus .. 
Octopus and Squid 
Fish (not including larvae or baby Porichthys) 
Je1l.yfish 
Ophiuroicls 
Polychaetes 
